Introduction
This book discusses the quandary every project faces: having to make a multitude of decisions, from when the earliest ideas appear, very often without much information on which to base these decisions. Several strategies can be pursued to increase the likelihood of making the right decisions, including obtaining more and/or better information, postponing decisions until information is available, involving more and better qualified people in the decision-making, etc. Another approach is to make the most out of the information available, and for this purpose there are many different tools and techniques at the project's disposal that have proven worth in clarifying issues or aiding the decision process. The purpose of this chapter is to present and discuss a selection of such analysis tools and techniques, always in the light of application in a project setting.
The selection presented spans a wide range of characteristics, although there is an established tradition in many fields of classifying everything as tools. These can range from a simple diagram to a fairly advanced analysis procedure. It is quite permissible to attach a common label to the entire spectrum, describing the full range as a toolbox.
Proper analysis techniques
A more extensive method for analyzing information and data that form the basis for pending decisions. Both stakeholder analysis and force field analysis are examples of more extensive analysis tools.
There are no doubt many ways to categorize analysis tools and techniques. The purpose here is to show that the approaches presented are of varying nature. The keen reader will undoubtedly have noticed that the four groups were presented in order of increasing complexity, as shown in Figure 1 . Typically, increasing complexity means a larger effort is required when using the tool. The tools presented in this chapter are included in all four categories. 
Complexity of the Tool

Figure 1. Spectrum of tools presented in the chapter
All tools presented in this chapter are well-known. Some are widespread enough to be familiar even to school pupils, others are much used in certain fields or professions, for example the aforementioned force field analysis in change management situations. A number of them will already be familiar to project management professionals, as they are frequently applied/developed for project purposes. Some are much rarer to find in a project setting, but they can also work well.
The tools and techniques and their application in a project
To facilitate the use of relevant tools for improving decision-making processes at different stages and situations in a project, it is necessary to explain where in a project each tool typically belongs. There are many different "lenses" that can be used to look at a project, the time lens being a favourite, which often produces a model of project phases.
Such phase models come in many different shapes and forms. A very basic approach divides a project into an early/front-end/planning phase and an execution phase. At the other extreme, a model can depict a two-digit number of stages, covering items like pre-engineering, detailed engineering, construction, hand-over, etc. The main purpose of such models is to give people a common language and a shared reference about the structure of the project. In this chapter, the purpose of the phase model is to show where the different tools are typically utilized throughout a project, as shown in Figure 2 . Although this model deviates somewhat from other well-known models, it is more suitable for plotting the selection of tools.
The choice of which tools to include in this chapter was a difficult decision. Different schools and fields have developed an abundance of candidates along the full scale shown in Figure 1 . There would be no problem at all filling an entire book with relevant tools, so narrowing down the field to fit inside one chapter is a challenge. Here, the final selection consists of eleven methods (any of which could be replaced by an alternative tool omitted here due to spatial confines). These are sorted to indicate the purpose of each tool in a project's early phase and in which phase of the project it is typically usedmany of them can be used at several different stages. The tools are listed below, and Figure 2 illustrates at which stage of the front-end part of the project process they can be applied: Figure 2 . The project timeline with the different tools placed in logical phases of application
Understand the project's setting
Gaining a better understanding of the project's position and "reception" among relevant participants who will be affected by it, predicting the effects of the project and different concepts for realizing the project's goals.
• Stakeholder analysis used to identify relevant organizations/individuals/entities that in some way influence or will be influenced by the project, and gaining insight into their attitudes toward the project, and likely behaviour.
• Needs and requirements analysis whose purpose is to understand in greater detail the position of the stakeholders with regard to what they expect to gain/receive from the project.
Analyze project concepts
Analyzing a project concept's strengths, weaknesses, and other characteristics to better understand its chances of success.
• SWOT analysis which, in this setting, can be used to understand which features of a concept are strong and which are weak, thus allowing further development of the concept to improve it.
• Uncertainty analysis used to identify uncertainties, both risks and opportunities, that make an alternative project concept attractive.
• Force field analysis a tool used to analyze the forces, both for and against, that implementation of a concept is likely to encounter, thus giving insight into difficulties that must be expected during project execution.
Compare and select concepts
Comparing alternative project concepts and selecting one or more of these for inclusion in further work to refine the project concept.
• Spider chart used to portray information about the alternatives compared in a common diagram, to allow easier identification of gaps and differences.
• Criteria testing a quantitative analysis of how different characteristics of the alternative project concepts influence the project goals.
• Paired comparisons an analysis tool that enables the selection of one alternative among a large number of candidates, requiring comparison of paired alternatives.
Further develop the concept
Developing a project concept idea further, either to allow comparison with other concepts, or after the main concept has been chosen.
• Quality function deployment used to ensure that the requirements of the stakeholders are maintained in the concept development process and to analyze which aspects of the concept best address these requirements.
• Six thinking hats often termed lateral thinking, applied in the creative stages of the concept development process to ensure that ideas and concept specifications are viewed from several different angles.
Before presenting the individual tools, other dimensions characterizing the tools are worth examining. Some people prefer analysis techniques based on the use of quantitative data, others like to use more verbal information, some require more pre-existing data and information than others, etc. etc. Understanding such requirements for each tool enables the selection of a suitable one for a specific situation. Several such dimensions could be utilized to describe the tools:
• Low vs. high requirements for volume of background data and information.
• Qualitative assessments vs. quantitative analysis.
• Background data and information in the form of estimates vs. facts.
• The analysis is based on subjective assessments vs. objective calculations.
• Stochastic vs. deterministic analysis.
• Partial/local vs. holistic/total view taken when applying the tool.
• The tool can be used by individuals vs. is best used by groups.
• The tool can be used by the project organization itself vs. requires expert assistance.
A subjective analysis of the different tools' properties is summarized in Table 1 . However, since all these tools can be applied in group assessments and internally by the project organisation, the latter two dimensions are not included in the table, but rather mentioned in the chapters below. In the chapters below each of the tools and techniques is presented in more detail. For each of them, the description contains a short summary of what the tool is about, an explanation of its application in an early phase project setting, an outline of the steps involved in applying the tool, and a discussion of the nature of the tool, as briefly depicted in the table above.
Understand the project's setting Stakeholder Analysis
Any project will in some way have an impact on its surroundings, otherwise there would not be much point in carrying out the project in the first place. Projects aim to achieve effects on different levels, but they all involve some changes or influences that will affect the environment of the project. Some typical stakeholders of a project are shown in Figure 3 . Obviously, some of these are more central to the project than others, and some appear throughout the duration of the project, others only in certain phases. Empirical findings have shown that stakeholders often play a significant role in the design and execution of projects. Analysis of a large number of projects has also demonstrated that stakeholders create as many difficulties for a project as they represent support for it. Surveys of projects that have experienced problems often show how, in hindsight,too little effort was invested in understanding the peripheries of the project and its stakeholders, and little consideration given to the development of mitigating strategies to handle the stakeholders. Stakeholders are an important "unit of analysis" in a project's early phases, and stakeholder analysis a useful tool for any project.
Simply creating an awareness, within the project and its promoters, of the stakeholders, potential and actual, that it could expect to deal with can be an important eye-opener. Delving deeper into the matter and mapping the needs and expectations of the various stakeholders provides additional useful insight. Throughout the project, from its very first idea, through to completion, this knowledge can prove important:
• Firstly, it allows the promoters to understand the climate for the project and its main goals.
Should the stakeholder environment already prove overwhelmingly negative at this stage, the best solution might be to close the project right away, or at least postpone it.
• If the decision is to initiate discussions about choice of concept and design, an understanding of the expectations held by the various stakeholders regarding the outcomes of the project is valuable. This knowledge can be used to directly influence the design of alternative concepts in order to maximize the likelihood of stakeholder acceptance.
• When evaluating different competing alternative concepts, stakeholder expectations can be used as evaluation criteria, at least as a subset of the overall criteria employed. A concept that scores well for many important stakeholders and does not offend the expectations of others, should be a good choice.
• In the engineering phase, when work is aimed at developing detailed solutions for the chosen concept, the understanding of the stakeholder requirements can help decide on specific designs.
• Throughout the execution phase, numerous decisions can be eased by stakeholder analysis understanding, e.g. choice of contractors, remuneration policies, communication with the outside, etc.
• Conducting a stakeholder analysis is a fairly simple tool to complete. In practice, most stakeholder analyses follow steps along the following lines:
1. Identify the project's existing and presumed future stakeholders, normally through some variant of brainstorming within the project team or its promoters.
2. Classify the identified stakeholders according to some criteria to allow sorting them into more and less important ones. Typical criteria may be importance for the project, the ability to influence the project and the likelihood of the stakeholders supporting the project.
3. Delve deeper into each stakeholder, or only the most critical ones if time and resources are limited, to gain a better understanding of their needs and expectations of the project and its outcomes. (Andersen and Fagerhaug, 2002) Depending on when in the project the stakeholder analysis is carried out and for what purpose, the understanding gleaned from steps 1-3 might be sufficient. In other cases, the analysis is continued by using the insight gained to evaluate alternative concepts and develop detailed design solutions, etc. There seems to be no better way of identifying stakeholders than by brainstorming, preferably involving participants from different parts of the project organization or its promoters. Such an exercise will usually result in a rather extensive list of stakeholders, some of whom will be less important to the project than others. To limit the extent of the analysis and avoid wasting efforts on marginal stakeholders, it is helpful to determine which are the few stakeholders worth analyzing in more depth. Again, there are many ways to sort the stakeholders for this purpose, but a commonly used approach builds on the matrix in Figure 4 . These labels do not of course represent exact predictions of behaviour for each group, but indicate from experience how they might act. Suitable strategies may be recommended for dealing with each group:
• Supportive: should be involved in relevant discussions and decisions.
• Marginal: should simply be monitored.
• Non-supportive: use a defensive strategy and minimize the dependency on the stakeholder.
• Mixed blessing: best handled through cooperation.
The stakeholders who fall within the two left-hand fields will normally represent those whose acceptance of decisions and choices made within the project it is important to elicit. It is often sufficient to include only these in subsequent steps.
It should be apparent from the above that stakeholder analysis is exclusively a qualitative approach that relies on subjective assumptions and conjecture by the participants. As such, it might be easy to dismiss the analysis as random or haphazard. However, bear in mind that the power of such analysis lies in the fact that a group of people, with different fields of expertise and knowledge of areas and details of the project, pool their insights to make the best possible analysis. One person conducting a stakeholder analysis would very likely end up with rather different findings than when the analysis is performed by such a group. Also, being qualitative, the analysis does not require a high level of precision from the individual assessments made. The purpose of the analysis is to understand which stakeholders the project needs to accommodate and what these typically expect from the project. Experience shows that this is normally achieved without any problems.
Needs and Requirements Analysis
It is debatable where the stakeholder analysis ends, and the needs and requirements analysis starts; one could easily define stakeholder analysis as a complete assessment, encompassing an in-depth evaluation of stakeholder expectations. For practical purposes, it has become common to separate the two, as a stakeholder analysis can be highly worthwhile even when it only achieves a sorting of the different stakeholders.
There are also many ways to study expectations held by the stakeholders, from conducting discussions with individuals in a survey, to extracting information from similar previous projects. The organization probably already possesses a fairly high level of knowledge about some stakeholders' requirements, for instance owners or customers. For others, it might be difficult to know exactly what they do, or perhaps do not, want. Expectations of pressure groups advocating equal opportunities, the media in general, or public authorities, are probably much less clearly understood, and hidden agendas may even exist. Trying to map all of the probable and improbable expectations harboured by different stakeholders, will undoubtedly reveal that these are plentiful, not always coherent, and very wideranging.
The Kano model is a very useful diagram to bring some order to these expectations and differentiate between the important and less important ones (Kano et al, 1984) . Figure 5 shows that it is essentially nothing more than an awareness-creating diagram showing that there are different types and levels of stakeholder requirements. 
Figure 5. The Kano model and the three types of stakeholder requirements
The straight diagonal line of the diagram portrays the clearly expressed requirements of the stakeholder. Generally, these are the only demands the stakeholder will make if asked about his or her desires. If the stakeholder is a major shareholder of the organization pursuing the project, he could, for instance, express requirements that the return on investment should be a minimum of 7.2 percent, that he be granted a seat on the project board, etc. In addition, there exists a set of requirements that are so basic that they are not even expressed, as indicated by the lower curve. For the shareholder, these could be that the organization does not go broke and lose its capital, that it does not get involved in criminal or other unethical activities that could harm the shareholders, that business is conducted according to general rules and customs, etc.
Together, these two requirement sets constitute a complete set of demands imposed by the stakeholder toward the organization. The satisfaction depends on how well both sets of requirements have been met. It will be of no help if the investment returns 10 percent but the shareholder is arrested for his involvement with the company due to its engagement in criminal activities. In other words, satisfying expressed requirements cannot rectify shortcomings in the basic demands. On the other hand, satisfying every single one of the basic requirements will not lead to complete satisfaction unless the expressed requirements have also been fulfilled. This will, at best, eliminate dissatisfaction. The danger is that the stakeholder takes it for granted that the organization is aware of the basic requirements, while this might not be the case. Such silent assumptions are one of the main focuses when clarifying requirements in the stakeholder analysis.
If these two sets of requirements are defined and satisfied, the foundation for satisfaction should be firmly established. To further enhance satisfaction, and even create delight for the stakeholder, we can look to the third set of requirements. "Requirements" is not really the correct word, as these conditions are not expressed by the stakeholder: often the stakeholder himself is not even aware of these needs. For the shareholder, this could include the organization making all arrangements for transportation to project board meetings, free access to the organization's products or services, a special website for the shareholders which presents updated information of interest to them, etc. If both the basic and expressed requirements have been satisfied, the fulfilment of such extra "requirements" can create true delight. These are often the little extras required to ensure loyalty and access to the best stakeholders. However, it should be noted that where such extra requirements are delivered on one or more occasions, they often become expressed or even basic requirements that must be fulfilled to avoid dissatisfaction.
In a project's early phases this analysis is usually combined with the stakeholder analysis. The purpose is to understand better what criteria different stakeholders will use when considering their possible participation or sponsorship, as well as the outcomes delivered by the project. This information can be used for many purposes:
• The expectations identified can be employed as evaluation criteria when comparing alternative concepts and how they will be received by the different stakeholders, thus providing a decision basis for the choice of concept.
• The expectations can also be considered as requirements for the further development of the chosen concept and subsequent detailed design solutions.
• When making design decisions, the requirements can be used to determine which direction to follow to maximize stakeholder satisfaction.
Conducting the analysis really consists of nothing more than applying the Kano model systematically, to all or the most important stakeholders. Information about the expectations of each can be based on the collective knowledge of the project team or, as mentioned earlier, the stakeholders can be asked directly. This will counter the obvious source of error that exists in speculating internally about what the stakeholders think of the project.
Although apparently based on graphs in a coordinate system, the Kano-based needs and requirements analysis is primarily a qualitative undertaking. However, some requirements can naturally be expressed in quantitative terms, although the figures are not used for any calculations. Depending on how insight into the stakeholder requirements is developed, the analysis can be based on both pure subjective estimates, or objective statements from the stakeholders themselves. This analysis is a typical group exercise, the background information and data required being extensive. It should also be mentioned that it might be of limited use, as the needs and requirements identified may be less than conclusive, pointing in many different directions in terms of how the project should be designed.
Analyze a concept's strengths, weaknesses, and other characteristics SWOT Analysis
SWOT analysis is probably one of the best known simple strategic analysis techniques. The name itself is an acronym representing the four analysis perspectives addressed by the tool: strengths, weaknesses, opportunities and threats. The analysis originated as a strategic planning aid, but has been applied in many other contexts, including project management (Lewis, 1999) . Identifying elements and factors internally and externally in the project and its periphery within these four perspectives, the purpose of the analysis is simply to create awareness of forces that will impact the project in the future. By understanding these forces and making them known throughout the project organization, better strategic decisions can be made and the whole organization will be better prepared for future developments in the project.
In a project setting, the SWOT analysis can be used in much the same way as the stakeholder analysis, i.e. gaining a general understanding of the forces facing the project. However, such a general SWOT analysis can become insignificant, in that the assessments are so high-level that they give little specific insight. Rather than performing the analysis for the overall project, a more meaningful analysis can be obtained by identifying strengths, weaknesses, opportunities and threats for each alternative project concept contending for selection. This will allow the project team to identify certain threats facing the various contenders which, if eliminated or properly mitigated, can render them attractive alternative concepts. Similarly, certain strengths that contribute significantly to a concept's favourable ranking must be safeguarded if the concept is selected. The SWOT analysis on its own does not produce direct conclusions about which alternative should be chosen, but it helps to increase the insight into each alternative, and how it is most likely to develop in the future, given the forces it faces.
Conducting a SWOT analysis is technically very simple. It mostly entails brainstorming within the four perspectives, preferably in a group representing different disciplines and areas of the project organization. Although "technically simple", performing a good SWOT analysis can be difficult, especially in terms of managing to come up with those elements that are really relevant. This takes training. The following steps should be taken:
1. Compose a team to undertake the analysis, drawing on different types of competence within the project organization, possibly supplemented by external representatives.
2. Within each of the four analysis perspectives, and for each alternative project concept being analyzed, brainstorm any issues that seem relevant.
3. Compile the analysis results, using a simple table or matrix.
4. Discuss which of the issues identified is believed to have the strongest influence on each of the project concepts.
The SWOT analysis is quite a simple analysis tool, based primarily on qualitative information (although quantitative data can form a basis for identifying the different forces). It utilizes both estimates and facts to make subjective assessments within a group, and can be applied both to the total project or locally for different concept alternatives.
Uncertainty Analysis
Risk analysis/uncertainty analysis, or, more correctly, uncertainty management, is in itself an extensive field covering both specific analysis approaches, psychological issues about risk and opportunities, principles for continuous uncertainty monitoring, etc. Of these, the basic uncertainty analysis approach is of most interest in a project's early stages. This consists of a simple approach for identifying uncertainty elements, assessing the likelihood of each occurring, indicating the consequences should they occur, developing strategies for avoiding the occurrence of negative elements (risks) and increasing the chances that positive elements (opportunities) can be favourably exploited.
From this description, uncertainty analysis can seem similar to SWOT analysis, as both focus on threats and opportunities. On the other hand, uncertainty analysis goes much further than SWOT analysis in quantifying both likelihoods of occurrence and consequences. It is therefore compatible with the SWOT analysis and furnishes the findings from the SWOT analysis with more detail. In the early stages of a project, an uncertainty analysis can be used to improve the understanding of the uncertainty encumbering each alternative concept decision. As with the other tools in this category, this analysis will provide greater insight into the alternative concepts before a choice is made. However neither analysis is solely sufficient to provide a complete picture.
Using the basic logic outlined above for each alternative concept in the running, the following must be done:
1. Identify uncertainty elements, of both a positive and negative character.
2. For each uncertainty element, assess the likelihood that the uncertainty element will occur.
3. For each uncertainty element, assess the consequences for the project should the element materialize.
4. Summarize the identified uncertainty elements in an uncertainty matrix.
5. For the most important uncertainty elements, consider whether actions can be implemented to alter the likelihood of occurrence or the consequences of the uncertainty elements.
(Husby et al,1999)
Uncertainty element refers to any event or development that might occur and impact the project. Examples can be unforeseen events or conditions such as change of government, bankruptcy of a contractor, or the discovery of clay in the ground of an excavation site. Further, frame conditions can evolve along a continuous scale, e.g. lower interest rates, higher prices in the construction sector, or increased demand for the product or service the project will supply.
To indicate the likelihood of an uncertainty element occurring and the consequences should it occur, a scale from 1-5 is normally used. The Value 1 indicates very low likelihood of occurrence and very low consequences, Value 5 that the element probably will occur and that the whole project may be in danger, while the values inbetween indicate a continuous scale between these extremes. Having assigned these two assessments to each uncertainty element, the elements are plotted in an uncertainty matrix. Depending on the location in the matrix, the elements are ranked as shown in Figure 6 . Elements located in the red area of the upper right part of the matrix should be given most weight when comparing concept alternatives. i m p o r t a n t u n c e r t a i n t y e l e m e n t s C r i t i c a l u n c e r t a i n t y e l e m e n t s
C o n s e q u e n c e
Figure 6. Principal uncertainty matrix
If uncertainty analysis is used during the concept selection process, an added benefit is that the results from this analysis can be used during the later stages of the project. The findings will both influence cost estimation, and will also indicate areas where management attention must be directed to avoid problems.
Uncertainty analysis builds on qualitative data, but uses quantitative factors to undertake the analysis. To some extent, subjective facts are used to characterize the uncertainty elements, but normally a fair amount of subjective conjecture goes into the analysis. Uncertainty analysis is most powerful when performed by a group. Being a somewhat tricky analysis to undertake inside a tight group where the members know each other well, it can be beneficial to include an external facilitator.
Sensitivity Analysis
When comparing different concept or design solution alternatives in general, or using one or more of the different tools presented here, a common approach is to assume that different figures are known and fixed, and thus directly comparable. Unfortunately this is often too simple an assumption. Even with minor changes in the premises on which the figures were based, conditions like costs, durations, amounts, etc. can change significantly. Sensitivity analysis is a tool to assess how sensitive different estimates are regarding changes in the premises they build upon. In this respect, the tool is closely linked to uncertainty analysis, whose purpose is to identify factors in the project that seem likely to change or occur and thus influence the project.
For application in the early stages of a project, the sensitivity analysis can therefore be combined with an uncertainty analysis. The purpose will be to supplement the comparison of assumed fixed figures for different decision alternatives with an analysis of the sensitivity of these figures. In cases of big differences in sensitivity, this knowledge will provide further insight required to prioritize, e.g where the most favourable concept is also the one with most volatility attached to key estimates. In such a case, the best approach could be to choose a less favourably ranked alternative, which is less sensitive to changes in conditions affecting the estimates.
When conducting a sensitivity analysis, there are at least two principally different approaches. The easiest way is to allow only one parameter to change at a time, but the richest insight comes from portraying changes of several parameters in the same analysis, a so-called multivariable analysis. The steps to perform such an analysis are:
1. Determine which parameter of the project decision alternatives you want to analyze the sensitivity for (the dependent variable) e.g. costs, amount of steel, time, emissions, etc. If more than one parameter is to be included, this must be done by repeating the analysis one or more times.
2. Decide which underlying factors (the independent variables) to include in the analysis, e.g. interest rates, currency exchange rates, construction standards, etc.
3. Calculate the changes in the dependent variable as a consequence of the changes in the independent variables.
4. Portray the results in a sensitivity diagram, where curves show how changes in the independent variables influence the dependent ones, as shown in Figure 7 .
5. Having performed the analysis on several factors for several decision alternatives, the sensitivity of each alternative is compared to determine which seems most resilient to changes in conditions inside and outside the project. Being a purely quantitative analysis tool and potentially involving a large number of calculations, the requirements for available background data can be large for a sensitivity analysis. As far as possible, the relationships between the dependent and independent variables should be established as precise, objective functions. Where this is not possible, subjective discretion must be used to determine these links. This is a tool that can be used by an individual, as opposed to a group, although underlying data must often be gathered from many different persons and sources.
Force Field Analysis
Force field analysis is based on the assumption that any situation is a result of forces for and against the current state of equilibrium. An increase or decrease in the strength of some forces will induce change, a fact which can be used positively. The analysis is simply an assessment of the forces working for and against a certain situation, for the purpose of understanding the challenges likely to be faced when implementing a certain concept.
Originally developed for change management purposes, a force field analysis can be useful in a project's early phases. Where different alternative concepts are being considered, some of them quite different in nature, applying this tool can arm the project with important insight. Understanding how the different concepts are likely to be received and which forces will have to be countered to implement them, as well as which forces will support the implementation, provides one more piece of information to help facilitate the choice of concept.
The procedure for using force field analysis is:
1. Define the concept to be analyzed and the changes it will mean for stakeholders and the project periphery.
2. Brainstorm all possible forces inside and outside the project that could be expected to work for or against the implementation of the concept.
3. Assess the strength of each of the forces and place them in a force field diagram (a principal force field diagram is shown in Figure 8 ). The length of each arrow expresses the strength of the force it represents.
4. For each force, especially the stronger ones, consider actions that could increase the forces for the change and reduce those against it.
Objective Objective
Forces against Forces for
Figure 8. Force field diagram
Although the strength of the forces is quasi-quantitative, the analysis is primarily a qualitative one. The basis for the analysis is subjective assessment of the forces working for or against a concept, and the analysis should be carried out in a group setting.
Compare and select among alternative project concepts Spider Chart
Much of the information gathered and compiled about alternative concepts is either purely numerical or can be portrayed numerically. Comparing such data by the use of lists, tables or matrices is of course a relevant and useful approach. On the other hand, it is a well-known fact that graphical portrayal of data eases their interpretation and makes patterns stand out more clearly. The spider chart is an analysis tool offering additional capabilities for such graphical representation of comparison data. Figure 9 shows a principal spider chart. Each spoke in the chart represents one evaluation criterion for the project concepts, and each concept's "performance" for the criteria is indicated by the profile curves. Etc.
Etc.
Etc.
Attributes of concept A
Attributes of concept B
Figure 9. Spider chart
The usage in a project setting should be obvious. Two or more competing project concepts, or other decision alternatives, can be plotted in the chart and thus easily compared. This simple data portrayal tool can be used at any point in a project where alternatives must be compared and one selected.
To construct a spider chart, follow this procedure:
1. Determine how many evaluation criteria to include in the chart and assign one variable to each spoke.
2. Divide each spoke into logical segments by using a separate unit of measurement for each evaluation criterion. The further from the centre of the chart, the higher the performance.
3. Plot the performance data for each variable along the right spokes, using different colours or symbols to separate data points from those of different organizations.
4. Draw lines between the data points for each organization to generate performance profiles.
5. Examine the resulting chart to identify the concept that seems to score best overall according to the evaluation criteria.
The spider chart is a quantitative data presentation tool that relies on both estimates and facts. Where objective figures are unavailable, subjective assessments must be used.
Criteria Testing
Criteria testing falls under the umbrella term of multiple goal analysis. Multiple goal analysis is not a singular technique, but rather a common term for different approaches, the main purpose being to evaluate the impact of different decision alternatives on a set of several objectives. Such an analysis can be done in many different ways: graphical depictions using arrows of different thickness, qualitative influence assessments, or numerical analysis based on weight and impact factors. Criteria testing builds on the latter principle, where the decision alternative that scores best in achieving the defined objectives can be identified through simple calculations. A simplified example of a matrix constructed during a criteria testing exercise is shown in Figure 10 . Criteria testing is thus another way to look at and compare competing concept alternatives, supplementing the insight gained by using a spider chart. The application of the spider chart in a project is useful when alternatives need to be compared to determine which one best serves the defined set of objectives.
The procedure for using criteria testing is as follows:
1. Place the set of objectives pursued by the project, typically three to five, in the upper field of the matrix. If desired, assign each of these a different weight factor that expresses relative importance. In Figure 10 , weight factors from 1 to 3 are used, but other numeric values can be employed, e.g. a scale from 1 to 10.
2. Next, in the left-hand field of the matrix, place the competing concept/decision alternatives being considered.
3. For each decision alternative, assess its impact on each of the objectives. The example uses impact factors from 1 to 3, where 1 means low impact and 3 high impact. Again, a scale from 1 to 10 or a discontinuous set of factors, e.g. 1, 3, and 9, can be used. A low number means a low contribution to the objective.
4. Multiply the impact factor by the weight factor of the objective, and place the product in the correct matrix cell.
5. For each project concept, these products are summarized horizontally and the total sum placed in the right-hand column of the matrix. This numeric value indicates the collective impact of the concept on the complete set of objectives. The higher the score, the better reason to believe that a concept will contribute to fulfilling the project goals.
The core calculation approach might be recognized from the quality function deployment. Criteria testing is useful in providing a comprehensive analysis of all the concepts' impact on all the objectives, without suffering too much from errors or inaccuracies in individual assessments. The tool is primarily a quantitative one, although the numbers used represent subjective assessments of influences between concepts and objectives. A word of warning about such quasi-quantitative techniques is that the numbers, once compiled, tend to be taken very much at face value and as absolute truth. Being the products of qualitative assessments, they are of course prone to some error, and should be treated accordingly, more to indicate a direction than to dictate a conclusion.
Figure 11. Generic matrix for paired comparisons
As with criteria testing, paired comparisons use numbers to determine a conclusion, but the numbers are votes, which are of course only subjective assessments of individuals. The technique is best used by a group, but can also be used by a single person.
Further develop the project concept Quality Function Deployment
The Quality Function Deployment tool, QFD, was developed to represent a customer-oriented approach to product development. For this usage, it is a methodology for structuring customer needs, expectations, and requirements, and translating these into detailed product and process specifications. The principles can, however, also be used for a number of other purposes, including developing project concepts. Before showing how QFD can be applied this way, the basic theory behind the tool is presented. Firstly, the product development process consists of several sequential phases (Akao, 1990):
• Transforming customer requirements into a product concept
• Transforming the product concept into a product design
• Transforming the product design into a process design
• Transforming the process design into production documentation Each step of this process must adhere to the original customer requirements. The basic structure of QFD is a relational matrix at different stages of the process, as shown in Figure 12 . WHAT constitutes the goals of the analysis, which, in the first phase of product development, are the customer requirements and expectations. HOW expresses the means to reach these goals, the product development's first phase being technical product concepts. In the next phase, these will form the WHATs, and HOW will represent detailed design solutions for the product concept. If a weight factor for each element of WHAT is multiplied by a grade indicating how well each element of HOW contributes to satisfying the requirement, an indicator for the performance of each HOW element is generated, which is placed in the field HOW MUCH. This way, each phase of the product development process is linked together as a chain of relational matrices, to ensure that the voice of the customer is transmitted throughout the entire process (see Figure 13 ). Additional information can be added, creating the chart popularly known as the "house of quality" (see Figure 14 ).
How
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Relational matrix Importance
Figure 14. The house of quality
The QFD process is conducted by entering data into each room of the house of quality. WHAT represents the external requirements: in product development, the customer's product requirements. To each element in WHAT is attached a weight factor expressing the element's importance, which renders it possible to emphasize some requirements more strongly than others. After determining how the customer requirements can be fulfilled (HOW) the relational matrix linking WHAT and HOW is completed. To make the matrix as clear as possible, it is usually preferable to use as few types of relations as possible. A set of commonly used symbols is shown in Figure 15 . In the same manner, the roof of the house of quality forms a relational matrix to be used for investigating whether there are any relationships among the different elements of HOW. In this matrix, it is possible to indicate both positive and negative relations, i.e. factors that work together or that create trade-offs or conflicts. Some common symbols for this matrix are shown in Figure 16 . For each HOW, the weight for the determined relationship to the individual element of WHAT is multiplied by the corresponding factor in importance of each requirement element. All products are summarized and placed in the lower field of the chart, HOW MUCH. Elements of HOW with a high score in this field should be preferred to others if all elements cannot be incorporated into the product. In a project setting, the usage of QFD is similar to its original purpose. Developing early concept alternatives, detailing the chosen one further, and making detailed designs are all quite similar in nature to product development, and can be seen as variants of the stages depicted in Figure 13 . As such, the use is exactly the same: understanding how best to convert the stakeholder requirements into a project concept and detailed design that best satisfy the stakeholders.
The steps when applying QFD in a project are:
1. Identify the stakeholder requirements (usually already done in the stakeholder and needs and requirements analysis) and place these in the WHAT field of the house of quality.
2. Assign importance factors to each of these requirements.
3. Identify the possible design elements that can be part of the project concept or detailed design solutions, and place these in the HOW field.
4. For each HOW element, assess to which extent it impacts each of the WHAT elements. Indicate this by assigning an impact factor, normally 1, 3, or 9.
5. Multiply the impact factor with the importance factor for the WHAT element, and write the result in the appropriate place in the relational matrix at the heart of the house of quality.
6. If using the roof of the house of quality, go through each cell in the matrix at the intersection of two WHAT elements. Analyze whether the two elements influence each other, and if so, place the appropriate influence symbol in the cell.
7. For each HOW element, summarize the scores down the column of the relational matrix and write the sum at the bottom in the ABSOLUTE IMPORTANCE row.
8. Calculate the percentage of the total scores accounted for by each HOW element, and write the number below the summarized scores in the RELATIVE IMPORTANCE row. The design elements with the highest score are best suited for satisfying the collective requirements of the stakeholders.
QFD is the first advanced data analysis tool to be presented in this chapter. It is both qualitative and quantitative in nature, and uses both estimates and facts in the matrix. The background data are often based on objective information, but the individual assessments made in the relational matrix are highly subjective. The advantage of QFD is, however, that each assignment of weight or impact factor has relatively little influence on the overall outcome of the analysis, so any inaccuracies are not too dangerous. As with the preceding tools, QFD is also a typical group tool.
Six Thinking Hats
The purpose of the so-called six thinking hats is to actively encourage people to view a problem or situation and its solutions from several different perspectives. In this respect, it is useful in creating a mindset where teams avoid locking onto a specific design or solution too quickly. Taking distinctly different angles in a discussion is very efficient in encouraging ideas that would otherwise not have surfaced. Deliberately having one team member to play the devil's advocate ensures that suggested solutions are debated with regard to feasibility and possible flaws.
The technique achieves this by encouraging one to recognize what type of thinking one is using, and to apply different types of thinking to the subject. The method was originally created by Edward de Bono (1985) when working to improve creativity and lateral thinking. He gave the six thinking hats the following colours and respective roles:
• The white hat: Cold, neutral, and objective; the person "wearing it" should be systematic and careful in looking at the facts and figures.
• The red hat: Represents anger; the wearer should make sure she or he listens to intuition/gut feeling and their own emotions.
• The black hat: Pessimistic and negative; thinking with this hat on should focus on why an idea will fail.
• The yellow hat: Optimistic, sunny, and positive, focusing on seeing ways ideas will work and trying to overcome obstacles.
• The green hat: Represents grass, fertility, and growth, and the person underneath it should be creative and trying to cultivate new ideas.
• The blue hat: Connected with the sky, focusing on seeing things from a higher perspective.
